Despite the limitations of funding acknowledgment (FA) data in Web of Science (WoS), studies using FA information have increased rapidly over the last several years. Considering this WoS' recent practice of updating funding data, this paper further investigates the characteristics and distribution of FA data in four WoS journal citation indexes. The research reveals that FA information coverage variances persist cross all four citation indexes by time coverage, language and document type. Our evidence suggests an improvement in FA information collection in humanity and social science research. Departing from previous studies, we argue that FA text (FT) alone no longer seems an appropriate field to retrieve and analyze funding information, since a substantial number of documents only report funding agency or grant number information in respective fields. Articles written in Chinese have a higher FA presence rate than other non-English WoS publications. This updated study concludes with a discussion of new findings and practical guidance for the future retrieval and analysis of funded research.
Introduction
Public resources are scarce, as are research grants. With more economies escalating their investments in basic research, the effectiveness and efficiency of public funding has attracted considerable attention from both researchers and policymakers Jacob and Lefgren 2011; Ubfal and Maffioli 2011; Yin et al. 2018 ). Yet, due to the absence of large-scale micro-level data, as noted by Möller et al. (2016) , important questions such as the effect of research funding on scientific output and the strategic funding portfolios of different entities, are difficult to investigate empirically, with very few exceptions. For example, based on a selection of UK papers indexed in the Social Sciences Citation Index (SSCI) and Science Citation Index-Expanded (SCIE), Lewison and Carding (2003) discovered that approximately 50% of British speech and language research had no funding acknowledgement (FA).
In August 2008, Web of Science (WoS) began to systematically collect FA data. 1 This valuable data introduces a new venue of various funding-related studies. For instance, using FA data in nanotechnology publications, Shapira and Wang investigated the effects of funding on the development trajectory of then-emerging research (Shapira and Wang 2010; Shapira 2011, 2015) . According to a search in WoS, 193 indexed articles explored this topic from 2016 to 2018. 2 In the field of information and library science, prior studies have investigated funding patterns in different scientific domains (Álvarez-Bornstein et al. 2019; Liu et al. 2015; Mejia and Kajikawa 2018; Paul-Hus et al. 2017a; Zhao et al. 2016 ) and across various economies (Alvarez and Caregnato 2018; Huang and Huang 2018; Wang et al. 2012) . Some studies rely solely on funding data to explore the characteristics of funded research or the effects of funding (Gök et al. 2016; Costas and van Leeuwen 2012; Yan et al. 2018; Zhao et al. 2018) . Others combine FA with other complementary information such as authorship or authors' notes to investigate the structure of the division of labor in the scientific community (Walsh et al. 2019) , the partnership between the public and private sectors (Morillo 2016) , and explicit and implicit collaboration patterns (Paul-Hus et al. 2017b ).
Data quality is the cornerstone of empirical studies. Along with the increasing numbers of studies based on FA data, some researchers have also investigated the limitations of data provided by WoS (Franceschini et al. 2016; Liu 2019; Liu et al. 2018b; Zhu et al. 2019a, b) , including funding data (Lundberg et al. 2006; Paul-Hus et al. 2016; Tang et al. 2017) . Some aspects of funding data such as completeness, accuracy, and funding agency variation have been well documented (Alvarez-Bornstein et al. 2017; Grassano et al. 2017; Morillo and Alvarez-Bornstein 2018; Powell 2019; Tang 2013) . Others further explore the coverage biases of FA information in language, document type, and research fronts. For instance, Paul-Hus et al. (2016) note that of the three core journal citation indexes, the Arts & Humanities Citation Index (A&HCI) is not suitable for funding analysis, while the SSCI is suitable for publications indexed after 2014. In Tang et al.'s (2017) critique of FA information, they point out that, in addition to the pitfalls of name variants, name misspellings, and inaccurate FA information, there are inherent and heterogeneous biases in WoS' approach to collecting FA information. Winkelman and Rots (2016) demonstrate that a sole reliance on grant acknowledgements will lead a researcher to vastly underestimate 1 3 the research outputs attributable to the observatory. These previous explorations remind bibliometricians of these potential caveats in applying FA data for funding analyses.
A review of extant studies on FA information suggests a number of research gaps. For instance, we are not aware of any studies that have explored FA information in the Emerging Sources Citation Index (ESCI) dataset. It is also important to point out that Clarivate Analytics is updating its FA information collection, which has not been explored in scholarly research. As stated in its online help file:
In 2016 Web of Science Core Collection began supplementing the grant information with grant agencies and grant numbers from MEDLINE and researchfish ® . Records that already contained grant information will not be changed. Records that did not have grant information were updated with grant information from MEDLINE and researchfish ® . 3 Yet it remains unclear how this new practice affects the collection of funding data in different citation indexes and retrieval practices, if at all. Also, given the increasing importance and use of funding data in bibliometrics and science policy research, we argue that it is necessary and timely to conduct an updated study on funding data in WoS.
We explore the FA information in four journal citation indexes of the WoS Core Collection: SCIE, SSCI, A&HCI, and ESCI. 4 Funding agency (FO), funding grant number (FG) and FA text (FT) are three funding-related fields provided in WoS to retrieve FA information (Rigby 2011) . Search queries #1 through #3 are applied, respectively, on the WoS advanced search platform to provide a general idea of how many records have funding information. 5 Although WoS has systematically collected FA data since August 2008, our prior experiments revealed that substantial numbers of WoS records contained FA information prior to 2008. In order to give a more dynamic and comprehensive picture of the FA data provided by WoS, in this study we extend the time span to the period of 2000-2018 for trend analysis. This rest of the paper is organized as follows. After delineating the data sources and method used in this study, we profile, replicate, and compare the general pattern of FA information in WoS via different search queries. Next, we probe in detail the discrepancies in the search results from different citation index datasets over time. We then further differentiate the funding information by publication year, document type, and language. The paper concludes with a brief discussion of the new FA data findings and future research directions. Our analysis reveals two main findings. First, echoing previous studies Tang et al. 2017) , the discrepancies of returned hits when searching in different funding information fields remain. This is unsurprising, as journal articles may only report funding agency information without the funding grant number, or vice versa. It is also possible that research articles report funded project names but no grant numbers or funding agency names. Additionally, WoS' new practice of supplementing FA data with grant agencies and grant numbers retrieved from MEDLINE and Researchfish adds more information to the FO and FG fields. All of these can account for the differences in retrievals when the FT, FO, and FG fields are searched separately.
Analysis

General patterns and new updates of FA information
Second, and more importantly, in contrast to previous studies, we find that FT alone is no longer the ideal field tag to retrieve FA information. Both Paul-Hus et al. (2016) and Tang et al. (2017) , using Center for Science and Technology Studies in-house WoS data and online FA information retrieval, respectively, conclude that the content contained in the FT field is more comprehensive than that listed in the FO and FG fields, and that the number of retrieved hits via FT captured almost all retrievals via the FO or FG fields. 6 However, this is no longer the case, as the total number of records with FT information is smaller than that with FO information. This suggests that a large number of records (i.e., 231,000 funded articles during 2009-2018 and over 848,000 funded articles published between 2000 and 2018) will be missed when searching in the FT field tag.
To better understand this change, we also replicate and list the retrieval of Tang et al. (2017) using the same search queries; the results are listed in the last two columns of 
Time dynamics of the funding information by dataset
We study the years 2000-2018 to depict the dynamics for SCIE, SSCI, and A&HCI. As the ESCI dataset is available from 2015, its entire duration (2015-2018) is chosen for further analysis. We start with search query #4 to provide a general idea of the number of indexed publications reporting funding information in each citation index dataset. Figure 1 illustrates the temporal analysis results. The grey lines indicate the funded records in each dataset, and the bars represent the percentage of records reporting funding information. To further understand which funding-related search fields contribute to the newly added information, we divide funded publications into two mutually exclusive subsets: records with FT information (FT group, blue bars) and records without FT information but with information on funding agency or funding grant number ((FO + FG-FT) group, orange bars). 8 These results suggest that only using the FT field for FA analysis will miss a substantial number of funded records.
SCIE dataset
SSCI dataset
In a similar vein, FA information provided in the SSCI (Fig. 1, Panel B) 
A&HCI dataset
We observe a similar pattern of funding information distribution in the A&HCI dataset. For funded A&HCI records published in 2000-2007, a majority were only reported in (FO + FG-FT) groups. Starting in 2009, an increasing share of FA information was also available in the FT field, but still approximately 3885 funded research projects are only available in the FG or FO fields during 2009-2018. Compared to the SCIE and SSCI datasets, the presence of funding rates in the A&HCI records is much lower. As shown in Fig. 1 , Panel C, between 2000 and 2007 fewer than 0.2% of the A&HCI records report funding information. The funding reporting rate begins to rise slowly from 0.5% in 2008 to 4.2% in 2015 and 7.5% in 2017.
ESCI dataset
In addition to the three flagship citation indexes (SCIE, SSCI, A&HCI), we also examine the pattern of FA information in the ESCI, a new supplementary journal citation index that focuses on journals of regional importance and in emerging fields (Huang et al. 2017) . We studied the period 2015-2018 because the dataset was launched in 2015. 9 Panel D of Fig. 1 illustrates that the funding reporting rates in ESCI records range between 15 and 24% with an upward trend. Similar to the SCIE, SSCI, and A&HCI, the FT field captures a large share of funded ESCI records during the years 2015-2018. However, 3566 records (about 1.5% of all funded records) report only the funding agency or funding grant number but not FT information. If we rely only on the FT field, these records will be also missed. Tang et al. (2017) found that FA information collected in WoS core datasets between 2009 and 2014 was mainly contributed by journals indexed in the SCIE. Paul-Hus et al. (2016) reported that no FA information was collected for records published in 2015 and solely indexed in the A&HCI. To further examine if these patterns still hold with WoS' updating FA collection, Panels E and F in Fig. 1 plot the dynamics of FA presence for the SSCI (excluding the SCIE) and A&HCI (excluding the SCIE and SSCI), respectively.
SSCI (excluding the SCIE) and A&HCI (excluding the SCIE and SSCI)
The key message comparing Panels B and E, and Panels C and F, is that there has been a significant improvement in FA information collection in the SSCI and A&HCI datasets. While journals indexed in the SCIE remain the main contributor of FA information in SSCI and A&HCI records, an increasing number of articles only indexed in the SSCI or A&HCI have FA information available; in 2018 these figures reached 54,000 (Panel E) and 3500 (Panel F), respectively. Second, consistent with the findings presented in Panels A through D, the FT field alone is not the best way to retrieve FA information. For the SSCI (excluding the SCIE), 95% of these funded records only have funding agency or funding grant number information recorded from 2000 to 2014. For the A&HCI (excluding the SCIE and SSCI), 90% of these funded records only have funding agency or funding grant number information recorded from 2000 to 2015.
In summary, the first message conveyed by Fig. 1 is that, in all citation indexes examined, both the absolute quantity and relative share of articles reporting funding have grown over time, with few exceptions. 10 Second, the first full year in which FA information was reported varies in WoS' different citation indexes. FA data have been systematically collected for SCIE-indexed articles since 2009, SSCI from 2015, A&HCI from 2017, and the ESCI from the first year it was available (2015). 11 Third, among the three core citation indexes (SCIE, SSCI and A&HCI), the FT field alone is not suitable for retrieving funding information. This is true for the whole period of 2009-2018, but particularly prior to 2008. One salient pattern illustrated in six panels of Fig. 1 is that many records consistently contain information on funding agency or funding grant number but not FT information (i.e. the retrievals of search query #6), which suggests that searching the FT field alone is not effective for comprehensive FA information retrieval. And finally, compared to previous studies, our data reveals that FA information collection has made substantial improvements in social science and humanities research in recent years.
Document type and the presence of funding information
In the above two sections, all the document types in WoS are considered. Yet in bibliometric analysis, some document types such as news items weigh less in terms of originality Fig. 2 The dynamics of funding reporting rates by document type than others. Thus, in this section we focus on four more heavily weighted document types-article, editorial, letter, and review-and further examine their respective funding reporting rate. Since only 103 records reported FT but not funding agency or grant numbers from 2000 to 2018, we use the FO or FG fields to analyze the presence of FA information. Figure 2 shows the funding reporting rates by the four document types over time. We set the starting year for each dataset based on when it began to systematically collect funding information: 2009 for SCIE, 2015 for SSCI, 2017 for A&HCI, and 2015 for ESCI.
The analysis reveals three main findings. First, not only were the funding text of articles and reviews published before 2016 collected , this funding information is now also reported and collected for editorials and letters. Second, funding reporting rates are much higher for original articles and reviews than for editorials and letters. This finding is consistent across all four citation index datasets. For example, funding information was included in only 2.5% of editorials listed in the A&HCI dataset for 2017-2018; likewise, only 2 out of 2859 letters reported funding information in 2017-2018. This might due to the length and nature of editorials and letters, there is no requirement for authors to submit funding information. Third, the presence of FA information is lowest in the A&HCI in both absolute numbers and relative share for all four types of publications. This could be due to inconsistent indexing/retrieval practices of WoS data across different citation indexes. Or it may reflect the common practice of humanity journals not requiring FA information reporting. It is also plausible that it is simply an artifact of comparatively less financial support being provided to humanities research.
FA information presence by language
English is the lingua franca of global scholarly communication. It is well known that WoS indexes a disproportionately large share of records published in English (Liang et al. 2013; Liu 2017; Liu et al. 2018a; Mongeon and Paul-Hus 2016) . Non-English publications are only eligible for WoS indexation when their title, abstract and bibliographic information are available in English. This also applies to FA information. 12 Tang et al. (2017) pointed out that SCIE records prior to 2015 have much higher funding reporting rates for articles published in English and Chinese. Given the changing presence of FA information in the SSCI and A&HCI databases, we expand Tang et al.'s study, which only analyzed the SCIE, to the other three citation indexes. We are curious whether the new updates of funding information reveal any changes in the distribution of publishing languages in the four core citation indexes of WoS. The study periods for the four indexes are set as described above.
SCIE dataset
The data shows that about 17.8 million records were published in the SCIE from 2009 to 2018, of which 97.5% of the articles were written in English, the universal language of science publishing. During this period, 9.18 million SCIE records were funded, of which 99.7% were published in English. Table 2 
SSCI dataset
Between 2015 and 2018, approximately 1.29 million publications were indexed in the SSCI. Of these, 96.9% were published in English, followed by Spanish (0.93%) and German (0.93%). On average, 40% of SSCI records written in English reported their funding information, while more than 99.9% of the funded SSCI records were published in English. Table 3 lists the top 10 most frequent publishing languages in SSCI publications, the number of funded records published in those languages, and funding reporting rates. 1 3
The table shows that the funding reporting rate for Russian documents is 8.4%, much higher than those of the other eight main publishing languages. Chinese-language documents, in sharp contrast to their position in SCIE publications, are squeezed out of the top 10 most frequent languages for SSCI papers. Over the period 2015-2018, Chinese is ranked the 19th most frequent language in the SSCI with 78 articles, in which 25 report FA information with a high FA presence rate of 32%. This echoes the finding by Flowerdewa and Li (2009) that, in humanities and social sciences, Chinese scholars' international publications continue to increase in English. However, this supports the appeals by some Chinese scholars to construct academic discourses of power if China aims to become an Olympic player and exert more influence in the realm of social studies (Nie 2014; Wu et al. 2011; Xie 2013 ).
A&HCI dataset
The publishing languages of A&HCI indexed records are more diverse than those in the SCIE and SSCI indexes. About 76.9% of A&HCI records were published in English in 2017 and 2018, followed by French (7.4%), German (5.4%), and Spanish (3.9%).
As depicted in Table 4 , less than one-tenth of English-language A&HCI records published in 2017 and 2018 report funding information, followed by Russian documents, with a 2.2% funding report rate. However, the publishing languages of funded A&HCI records are still concentrated: more than 99% of the funded A&HCI records are published in English. Over the last 2 years, only seven out of 544 Chinese-language A&HCI articles reported funding information.
ESCI index
English is again unquestionably the dominant written language in the ESCI: 76.7% of the records published from 2015 to 2018 are in English. Like the A&HCI dataset, the publishing languages of ESCI records are also dispersed. After English, Spanish (7.9%), Russian (3.6%), and Portuguese (3.1%) are the main publishing languages of ESCI records. However, English (97%) is the dominant publishing language for funded ESCI records published from 2015 to 2018, followed by Chinese (1.7%) and Russian (1.2%). Table 5 lists the top 10 publishing languages and their corresponding numbers of funded records and funding reporting rates for the ESCI index. For English ESCI records, 25% report funding information. Surprisingly, 61% of the ESCI records published in Chinese report funding information, which is much higher than the funding reporting rates for Chinese-language publications in the SCIE, SSCI and A&HCI datasets. ESCI records published in Korean and Russian also demonstrate a moderate rate of funding reporting.
Conclusion and discussion
Donors, funders, and science policy makers around the world are increasingly championing evidence-based research evaluation. By examining the characteristics and distribution of the most recent FA information in four journal citation indexes of WoS, this study provides a timely update to previous studies on WoS FA information Tang et al. 2017) . We find that in all four citation indexes, both the absolute number and relative share of articles reporting funding information have increased over the years. The new updates may enable FA analysis prior to 2008. This improvement is particularly noticeable for earlier years and for social science and humanities research. Though the share is still small for now, more retroactive FA information may be available with WoS' gradual retrospective collection of FA information.
English-language publications are consistently the most comprehensively covered in FA information records across all journal citation indexes; WoS records written in other languages are far less likely to contain FA details. Articles written in Chinese are much more likely to contain FA information than other non-English WoS publications. We also find that a substantial number of funded records in WoS have funding information available in FO and FG only, which suggests that the previously recommended data retrieval approach is not suitable for online searches for FA data. Unquestionably, WoS' retroactive efforts to add FA information for previously indexed publications indicate that this information has a large untapped potential in both research assessment and science policy evaluation. In future research, analyses that characterize funded research by institution, country, discipline as well as funding source type (such as international co-funding or industrial funding) would be interesting to explore over a longer time period. The starting point of any rigorous research assessment and evidencebased policy evaluation is credible and high-quality data. We therefore propose the following three-step procedure for future research using FA information in WoS.
Step 1 is to decide whether WoS FA information is the appropriate data to address the research question. In addition to the well-known coverage biases of datasets (Liang et al. 2013; Liu 2017; Mongeon and Paul-Hus 2016) , the results show that these biases in FA information persist in all four citation indexes to varying extents by time coverage, language and document types. For example, the FA data in WoS have been more systematically collected for the SCIE since 2009, for the SSCI since 2015, for the A&HCI since 2017, and for the ESCI since 2015. This suggests that studies aiming to profile funding patterns or evaluate funding impacts or assess research performance based on publications written in languages other than English should not rely on FA information in WoS.
Step 2 is how to retrieve credible data. The most comprehensive approach to retrieving FA information is to use search query #4 to combine information on all funding-related fields (FO, FG and FT) . Given that only a very limited share of funded records will be missed by FO and FG, we argue that search query #5 should be employed to increase efficiency. Finally, step 3 should discuss the caveats of the potential influence of the quality of the FA information provided to remind readers of the applicability of the results.
